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Refinement 

R[F 2 > 2o(F 2 )] = 0.038 

wR(F 2 ) = 0.103 

5 = 0.98 

4292 reflections 

191 parameters 

H-atom parameters constrained 



Ap max = 0.18 e A 

Ap mi „ = -0.39 e A~ 3 

Absolute structure: Flack (1983), 

1794 Friedel pairs 
Flack parameter: 0.50 (10) 
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In the crystal of the title molecular salt, 2C 6 H 7 FN + -S0 4 2 ~, the 
cations and anions are linked by N— H- ■ O and C— H- ■ O 
hydrogen bonds into sheets parallel to the ab plane. The 
crystal studied was found to be a racemic twin with a 0.50 (10): 
0.50 (10) domain ratio. 

Related literature 

For related literature on phase transition dielectric materials, 
see: Fu et al. (2007, 2008, 2009); Fu & Xiong (2008). For 
hydrogen bonding studies, see: Zimmerman & Corbin (2000); 
Brunsveld et al. (2001); Desiraju (2002); Steiner (2002); 
Desiraju & Steiner (1999); Boutobba et al (2010). For refer- 
ence bond-length data, see: Allen et al. (1987). For a related 
crystal structure, see: Boutobba et al. (2010) 



Table 1 

Hydrogen-bond geometry (A, °). 




H,*N 



Experimental 

Crystal data 

2C 6 H 7 FN + -S0 4 2 ~ 
M r = 320.31 
Orthorhombic, P2 l 2 l 2 l 
a = 6.2907 (5) A 
b = 7.4155 (6) A 
c = 30.168 (3) A 

Data collection 

Bruker SMART APEXII DUO 

CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 

7" min = 0.859, r max = 0.982 



SO, 



V = 1407.3 (2) A J 
Z = 4 

Mo Ka radiation 
jtt = 0.27 mm -1 
T = 296 K 

0.58 x 0.12 x 0.07 mm 



31062 measured reflections 
4292 independent reflections 
3503 reflections with / > 2o(T) 
R iM = 0.044 



D-H- - A 




D-H 


H- ■ A 


D-A 


D-H- - A 


N1-H3M- ■ 


•03 


0.97 


2.09 


2.887 (3) 


138 


N2-H2AT2- • 


03 


0.85 


1.90 


2.741 (3) 


168 


N1-H1M- ■ 


■OF 


0.86 


1.92 


2.761 (2) 


162 


N1-H2M- ■ 


•03" 


0.82 


2.25 


2.967 (2) 


146 


N1-H2M- ■ 


■04" 


0.82 


2.55 


3.151 (3) 


131 


N1-H3M- ■ 


■02 m 


0.97 


2.24 


2.925 (2) 


126 


N2-H1N2- ■ 


■04 iv 


0.94 


1.78 


2.7121 (18) 


170 


N2-H3JV2-- 


■02 v 


0.99 


1.72 


2.702 (2) 


170 


C11-H1L4- 


■ 04 ui 


0.93 


2.53 


3.374 (3) 


151 


Symmetry codes: (i) x 
x + 1, -y + 1, -z; (v) x + 


v + l,z; (i 
l, y, z. 


) *-|. -y- 


- j, — z; (iii) x + 1, — y 


H-z; (iv) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

The authors thank Universiti Sains Malaysia (USM) for the 
Research University Grant (1001/PFIZIK/8U160). SA thanks 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: WN2446). 
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Bis(4-fluoroanilinium) sulfate 

H.-K. Fun, S. Arshad, Dinesha, S. Laxmeshwar and G. K. Nagaraja 
Comment 

Amine salts have attracted much attention as phase transition dielectric materials for their application in memory storage (Fu 
et al. 2007; Fu & Xiong 2008; Fu et al. 2008; Fu et al. 2009). Hydrogen bonding is one of the most versatile non-covalent 
forces in supramolecular chemistry and crystal engineering (Zimmerman & Corbin, 2000; Brunsveld et al, 2001; Desiraju, 
2002). Therefore, in the past decades assessment of discrete hydrogen bonding patterns has received great attention (Steiner, 
2002; Desiraju & Steiner, 1999; Boutobba et al, 2010) because of their widespread occurrence in biological systems. 

The asymmetric unit of the title compound (Fig 1), contains two crystallographically independent 4-fluoroanilinium 
cations and a sulfate anion. The bond lengths (Allen et al, 1987) and angles are within normal ranges and comparable to 
those in a closely related crystal structure (Boutobba et al, 2010). 

The cations and anions are linked via intermolecular Nl — H3N1-03 and N2 — H2N2 - 03 hydrogen bonds (Table 1). 
In the crystal packing (Fig. 2), the intermolecular Nl— HINl-Ol, Nl— H2N1-03, Nl— H2N1-04, Nl— H3N1-02, 
N2— H1N2 - 04, N2— H3N2 -02 and Cll— H11A04 hydrogen bonds (Table 1) link the molecules into sheets parallel 
to the ab plane. 

Experimental 

To a solution of 4-fluoroaniline (10 mmol) in absolute ethanol was added sulfuric acid (5 drops) and the mixture refluxed 
for 4 h. After cooling the mixture to room temperature, a white solid appeared. This crude product was recrystallized from 
dimethylformamide to afford the desired product. M.p: 151-153°C. 

Refinement 

N-bound H atoms were located from a difference Fourier map, fixed at their found location and refined using a riding model 
with t/ iso (H) = 1.5f/ eq (N) [N-H = 0.8198 to 0.9875 A]. The remaining H atoms were positioned geometrically [C-H = 0.93 
A] and refined using a riding model with (7i S0 (H) = 1.2 (7 e q(C). The studied crystal is an inversion twin, the refined ratio 
of twin components being 0.50 (10): 0.50 (10). 
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Fig. 1. The molecular structure of the title compound with atom labels with 30% probability 
displacement ellipsoids. Hydrogen atoms are shown as spheres of arbitrary radius. 



Fig. 2. The crystal packing of the title compound. Dashed lines represent hydrogen bonds. H 
atoms not involved in the hydrogen bond interactions have been omitted for clarity. 



Bis(4-fluoroanilinium) sulfate 



Crystal data 

2C 6 H 7 FN + -S0 4 2 ~ 
M r = 320.31 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 6.2907 (5) A 
6 = 7.4155 (6) A 
c= 30.168 (3) A 
V= 1407.3 (2) A 3 
Z=4 



^(000) = 664 

D x = 1.512 MgnT 3 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 5694 reflections 
6 = 2.7-27.5° 

(i = 0.27 mm 1 
7=296K 
Needle, colourless 
0.58 x 0.12 x 0.07 mm 



Data collection 

Bruker SMART APEXII DUO CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

7 min = 0.859, 7 max = 0.982 

31062 measured reflections 



4292 independent reflections 

3503 reflections with / > 2a(7) 
R int = 0.044 

6max = 30.6°, 9 m j n = 2.7° 

h = -8^8 

Ar = -10->10 
/= -43^43 



Refinement 



Refinement on F 



Secondary atom site location: difference Fourier map 



sup-2 



supplementary materials 



Least-squares matrix: full 

R[F 2 > 20CF 2 )] = 0.038 

wR(F 2 ) = 0.103 

5 = 0.98 
4292 reflections 
191 parameters 
0 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > <s{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = 1/[0 2 (F O 2 ) + (0.0492P) 2 + 0.377Z 5 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap max = 0.18eA- 3 
Ap mi „ = -0.39eA" 3 

Absolute structure: Flack (1983), 1794 Friedel pairs 
Flack parameter: 0.50 (10) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


J I- *IJI 


SI 


-0.00432 (8) 


0.47390 (4) 


0.013801 (11) 


0.02691 (9) 


Fl 


0.5089 (5) 


0.3730 (3) 


0.25139 (4) 


0.1033 (6) 


F2 


-0.0181 (4) 


0.8372 (3) 


0.22704 (4) 


0.1096 (7) 


Ol 


-0.0040 (3) 


0.29560 (14) 


0.03416 (4) 


0.0452 (3) 


02 


-0.2002 (2) 


0.5713 (2) 


0.02606 (5) 


0.0372 (3) 


03 


0.1801 (2) 


0.5795 (2) 


0.02941 (5) 


0.0381 (4) 


04 


0.0060 (3) 


0.45980 (17) 


-0.03476 (4) 


0.0470 (3) 


Nl 


-0.0142 (3) 


0.92624(16) 


0.04544 (4) 


0.0309 (3) 


H1N1 


0.0125 


1.0369 


0.0384 


0.046* 


H2N1 


-0.1252 


0.8982 


0.0330 


0.046* 


H3N1 


0.0935 


0.8514 


0.0315 


0.046* 


N2 


0.4960 (3) 


0.37944 (17) 


0.06828 (4) 


0.0332 (3) 


H1N2 


0.5163 


0.2639 


0.0563 


0.050* 


H2N2 


0.3856 


0.4288 


0.0573 


0.050* 


H3N2 


0.6038 


0.4605 


0.0553 


0.050* 


CI 


0.3283 (3) 


0.4459 (4) 


0.13955 (7) 


0.0492 (5) 


H1A 


0.2115 


0.4926 


0.1245 


0.059* 


C2 


0.3318(4) 


0.4435 (4) 


0.18574 (7) 


0.0639 (7) 


H2A 


0.2179 


0.4881 


0.2020 


0.077* 


C3 


0.5047 (5) 


0.3749 (3) 


0.20625 (6) 


0.0634 (6) 


C4 


0.6765 (5) 


0.3079 (4) 


0.18406 (8) 


0.0646 (7) 
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U A A 

H4A 


a "7m 1 
U. lyli 


0.2611 


0.1994 


0.077 


* 




CD 


A £1 A O ( A\ 

U.O/4Z (4) 


0.3113 (3) 


0.13811 (7) 


0.0487 (5) 




H5A 


a "7aa 1 
U. /VUl 
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0.1221 


0.058 


* 




Co 


n /inon (a\ 
u.4yyu (4j 


0.37857 (19) 0.11639 (5) 


0.0326 (3) 




L./ 


A 1 on cx\ 


0.8307 (3) 


0.11348 (6) 
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U"7 A 


A 1 1 1 1 

-U.J11 J 
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* 




to 


U.iy.54 (4) 


0.8076 (4) 


0.15908 (7) 


0.0583 (6) 




UO A 

HaA 


A 1 1 A 1 
O.J 1 U 1 


0.7575 


U. 1 / 


0.070 


* 




C9 


0.0 178 (5) 


0.8602 (4) 


0.18240 (6) 


0.0636 (7) 




CIO 


0.1576 (4) 


0.9328 (4) 


0.16300 (8) 


0.0671 (7) 




H10A 


0.2739 


0.9677 


0.1800 


0.081 


* 




Cll 


0.1593 (4) 


0.9536 (3) 


0.11737 (7) 


0.0496 (5) 




H11A 


0.2778 


1.0015 


0.1032 


0.059 


* 




C12 


-0.0157(3) 


0.9027 (2) 


0.09331 (5) 


0.0317(3) 




Atomic displacement parameters (A^) 
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u 33 u n 




U 13 
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SI 


0.02748 (16) 


0.02319 (15) 


0.03006 (16) -0.0005 (2) 
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U.UUU04 (1 1) 


Fl 
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0.0029 (6) 


U.UUUo { / ) 


03 


0.0295 (6) 


a An a 
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0.0524(8) -0.0017 (6) 
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0.0639 (8) 
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0.0026 (8) 
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a m£ 1 1 c\ 
U.U/Ol (5) 


0.0298 (6) 0.0007 (9) 




0.0015 (7) 


U.UUUo (4 ) 


N2 
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0.0393 (6) 


0.0283 (6) -0.0015 (10) 


0.0003 (9) 


U.UUU1 


CI 


0.0423 (10) 


0.0681 (15) 


0.0373 (10) 0.0054 (11) 




0.0034 (8) 
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C2 


0.0595 (14) 
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-0.0061 (9) 


U.UU jo \ 


C6 


0.0364 (8) 
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0.0081 (11) 


C9 


0.0770 (18) 


0.0866 (16) 


0.0272 (8) 0.010(2) 
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Geometric parameters (A, °) 
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C9 — CIO 


1.360 (4) 


CIO — Cll 


1.385 (3) 


CIO H10A 


0.9300 


Cll — C12 


1.371 (3) 


Cll — H11A 


0.9300 


f^l f^A ( ' < 

C3 — C4 — Cj 


1 1 O A 0\ 

11 0.4 (Z) 


( • 1 f^A I 11 A 

C3 — C4 — 1 14 A 


1 OA Q 

1ZU.0 


{ • c r~\ A I I 1 A 

CO — C4 — hl4A 


1 1A O 

IZU.o 


CO — Cj — C4 


1 1 n a /">\ 
1 iy.4 \L) 


CO — Cj — hlJA 


1 OA 1 

1ZU.3 


f^A ( ' < I I C A 

C4 — Cj — hlJA 


1 OA 1 

1ZU.3 


CI — Co — Cj 


1Z1.U3 (10) 


CI — Co — JNZ 


1 1 A "71 C\ A\ 

ny. /3 (iy) 


Cj — Co — JNZ 


1 1 A O A A\ 

ny.z4 (iy) 


Clz — C / — Co 


1 1 A 1 

ny.i (Z) 


ph ch 1 1 "7 a 
ClZ — C / — rl /A 


1 1A ^ 

IZU.j 


o /~i*7 HI a 

Co — C / — rl / A 


1 OA C 

IZU.J 


PQ pQ /-1-7 

cv — Co — c / 


1 1 C A 

1 10.4 \L) 


C\ po iio a 

CV — Co — HoA 


1 TA O 
IZU.O 


C / — Co — HoA 


1 TA O 
IZU.O 


m r^n pin 

r z — cy — C 1 U 


no f 
llo.J (3) 


T7T PQ PO 

r z — cy — Co 


110.3 (3J 


P1A PA PO 

ciu — cy — Co 


1 n 1 n / 1 a\ 

123.19 (19) 


pn p 1 a pi i 

cy — c i u — c 1 1 


i 1 o f /T\ 

llo.J (Z) 


PQ PI A TT 1 A A 

cy — C 1 U — H 1 UA 


1 OA H 
1ZU. / 


p 1 i pin TT i AA 

Cll — C 1 U — H 1 UA 


1 OA "7 
1ZU. / 


cm c\ 1 ri o 


1 1 Q 1 Z?^ 


C12 — Cll — H11A 


120.4 


CIO — Cll — H11A 


120.4 


Cll — C12 — C7 


121.54 (17) 


Cll — C12 — Nl 


119.15 (19) 


C7 — C12 — Nl 


119.31 (18) 


pn c^~i r^o r*Q 

c i z — c / — C6 — 


1 \ (A\ 

1.1 (4) 


f^H t~"Q r'Q T70 

C / — C6 — Cy — r z 


—1 /y.y (z ) 


r^"7 r^o r^A nn 

c / — C6 — cy — c i o 


A C SA\ 

-0.5 (4) 


in r^n n/i pi i 
r 2 — Cy — C 1 0 — C 1 1 


1 *7A A (1 \ 

1 /y.u (3) 


po pn p 1 a P11 

C8 — cy — c i o — c i i 


A /I 

-0.4 (5) 


C9— CIO— Cll— C12 


0.8 (4) 


CIO— Cll— C12— C7 


-0.2 (4) 


CIO— Cll— C12— Nl 


179.4 (2) 


C8— C7— CI 2— Cll 


-0.8 (3) 


C8— C7— CI 2— Nl 


179.62 (19) 
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Hydrogen-bond geometry (A, °) 



D—H-A 




D—H 


H—A 


D—A 


D—H-A 


Nl— H3N1-- 


■03 


0.97 


2.09 


2.887 (3) 


138 


N2— H2N2- 


03 


0.85 


1.90 


2.741 (3) 


168 


Nl— H1N1- 


Ol 1 


0.86 


1.92 


2.761 (2) 


162 


Nl— H2N1- 


■03 11 


0.82 


2.25 


2.967 (2) 


146. 


Nl— H2N1- 


■04 11 


0.82 


2.55 


3.151 (3) 


131. 


Nl— H3N1- 


■02 111 


0.97 


2.24 


2.925 (2) 


126. 


N2— H1N2- 


■04 iv 


0.94 


1.78 


2.7121 (18) 


170 


N2— H3N2- 


■02 v 


0.99 


1.72 


2.702 (2) 


170 


Cll— H11A- 


•04™ 


0.93 


2.53 


3.374 (3) 


151. 


Symmetry codes: (i) x, y+l,z; (ii) x-1/2, 


->>+3/2, -z; (iii)x+l/2, 


->>+3/2, -z; (iv) xH 


-1/2, -y+V2, -z; (v)x+l,j>,z. 
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